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THE  OALOULAaKy  OP  SEAHCH  AREAS  RELATINa  TO  D.T.  FIXES 


by 


Bexyl  Kits 

•This  dsouvent  contains  inforarition  af  foe  ting  ths  Natloaal 

,  Dsfensa  of  tha  V.jltcd  Z  ih&  ttsaning  of  tbs 

Bspionaga  Title  li,  d.  3.  Section  7W  axkl 

794,  its  tranbc:‘«ssio;i  or  ti.e  rovulalioo  «f  Its  ooatMta 
in  asiy  suvioav  to  i;a  uiiauciiori^cid  porsop  mrgbiblbtd 
by  law.* 

f^ruukjrr 

Fornailaa  are  deduced  to  enable  the  dixnenalona  of  a  reo* 
tangular  region  idiioh  has  a  90^  probability  that  the  target 
lies  inaide  the  region,  to  be  oaloulated.  For  the  speoial 
case  in  wbioh  K  stations  are  e^ii-spaoed  along  an  aro  at  a 
constant  distance,  6,  ftrom  the  target  and  have  the  sne 
variance,  V,  the  length  and  breadth  of  the  searoh  area  are 
proportional  to  sin  6  and  W  . 

If  #  is  the  angle  subtended  by  the  wing  stations  at  the 
target  then  the  length  of  the  searoh  region  is  proportional 

If  #  <  90^  p  the  length  of  the  searoh  region  is  xiot 
decreased  idien  the  mher  of  stations  is  inoroased  ffon  2  to  3} 

7  (N,#)  deoreases  as  N  increases  for  K  greater  than  3  .  Tor 
snail  values  of  # 

r  (M)  :  ^  [-tJiKi)]* 


Stoall  values  of  #  should  thus  be  avoided  if  possible. 

The  width  of  the  searoh  region  is  proportional  to 

» (".♦)  ■[>'*  I  asi!i/i:li  I  ]■* 

This  function  decreases  as  N  increases  for  d  <  120^;  if 
^  ^  1200  0  deoreases  as  H  increases  if  K  >  3  and 

a  (2,#)  .  a  (3,^)  . 

Ihe  searoh  region  of  least  area  and  also  the  one 
the  smallest  major  axis  for  constant  N  occurs  when  ^ 
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1.  DBERODPOTICS 

Ihen  bearings  on  a  target  are  taken  from  a  nunS^er  of  etatlona  It  la 
not  auffiolent  to  plot  the  bearings  and  estimate  the  Best  Point  for  the 
target.  It  is  oonmon  praotioe  to  oaloulate  the  dlmensiottB  of  a  reotan- 
gular  region  which  has  a  90)1  probability  that  the  target  lies  inside  it, 
in  order  to  estimate  the  preoision  of  the  fix.  Tarim  methods  have 
been  px*oduoed  for  doing  this  (of  Referenoes  1,2  and  3  snd  the  method 
desoribed  in  Referenoes  1  and  2  has  been  progranned  for  a  lamiber  of 
computers.  The  method  is  extremely  tedious  to  compute  by  hand  and  it  is 
not  clear  from  the  formulae  employed  how  the  various  parameters  of  the 
fix,  namely,  the  nnaber  of  stations,  the  variance  of  the  bearings,  the 
distance  from  the  station  and  the  ang(le  subtended  by  the  wing  stations  at 
the  target,  affect  the  else  and  sh^pe  of  the  region* 

It  is  important,  idien  the  disposition  of  the  stations  and  the  require¬ 
ments  for  new  apparatus  are  being  studied  to  consider  the  way  in  irtiioh 
various  factors  aiTeot  the  else  and  shape  of  the  region,  since  this  vitally 
affects  the  pexformanoe  of  the  system  in  practice*  In  this  report  formulae 
are  produced  to  enable  the  slse  and  shape  of  the  searoh  region  for  oertain 
theoretical  arraxigeoients  to  be  quickly  deduced  and  the  way  in  which  each 
parameter  affects  the  dimensions  of  this  region  is  discussed*  A  compari¬ 
son  of  the  results  obtained  using  the  fommilae  given  in  this  report  with 
those  obtained  usiz^  the  method  desoribed  in  Referenoes  1  and  2  is  given 
in  the  i^>pendlx. 

2.  imiVAriCU  OP  THB  PmOUliENTAL  RORWILAE 

The  form  of  the  search  area  under  consideration  is  a  band  of  width 
W/2  on  either  side  of  the  arc  of  the  great  circle  passing  through  the 
estimated  position  of  the  target  and  Joining  two  points  %  and  •  The 

arc  Sx  Sb  is  called  the  major  axis  of  the  seasroh  area  and  the  points 
and  %  will  be  referred  to  as  its  "end  points".  In  order  to  speoify 
the  searoh  area  completely  it  is  neoessazy  to  find  the  angle  which  the 
major  axis  makes  with  the  northerly  direction  at  the  estimated  position 
of  the  target,  the  distances  of  and  ^  trom  this  point  azid  the  half -width 
W/2  . 

Let  bearings  be  given  from  a  number  of  stations  . 

Suppose  that  6g(n)  is  the  angle  idiioh  the  bearing  from  the  station  in 
makes  with  the  great  circle  AqS  ;  ^s(n)  is  called  the  angular  error  of 
the  station  in  at  the  point  S.  Suppose  also  that  the  station  in  has 
variance  Tn  measxired  in  (degrees  )*  •  The  sum 

1*16  (n)A,. 

a  n  s  '  ''  n 

is  called  the  weighted  sum  of  the  angular  errors  at  the  point  S  and  has  a 
value  for  evexy  point  S  on  the  earth's  surface.  The  estimated  position 
of  the  target  is  the  point  F  at  idiioh  the  weighted  sum  of  the  angular  errooni 
is  a  minimum,  the  major  axis  of  Ihe  required  region  on  the  sphere  is  the 
'major  axis'  of  the  contour  on  the  sphere  for  which 

£  s  S  ♦4i^/l8cf 

8  p 

axxl  the  width  of  the  region  is  determined  as  stated  below.  Theae  defini¬ 
tions  are  in  accordanoe  with  those  used  in  Referenoes  1,2  and  3« 

It  is  therefore  neoessazy  to  find  the  function  £s«  When  this  is 
known  the  form  of  the  oontoiir 

can  be  asoertained  and  the  direction  of  its  'nmijor  axis'  fouz^  The 
points  and  are  points  on  this  great  oirole  for  which 

.  Spi.  4 

and  thus  the  length  of  the  searoh  area  can  be  oomputed.  Similarly,  the 
width  of  the  search  area  can  be  oaloulated  by  finding  two  points  Sa  az»d 
on  the  great  oirole  which  is  orthogonal  to  Ibe  major  aartii  at  the  point  F, 
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and  for  whioh 


k  i^/l8(f  also  holds* 

In  fig,  1  1st  F  hs  ths  sstiastsd  position  of  ths  target,  N  be  the 
North  Fhls  (it  Is  assuMSd  that  the  target  lies  In  the  northern  hMdgphere} 
and  ▲  he  a  tgrploal  station  contributing  to  the  fix.  Let  the  bearing 
ftOBi  A  aset  the  great  oirole  tfaroui^  F  and  N  In  C  and  let  S  be  a  point 
sodh  that  the  great  oirdle  SP  makes  an  angle  t  with  the  great  olrole  HI 
and  the  angular  distance  SP  ■  I  •  Let  the  great  olrole  Ihrou^  F  idiloh 
meets  the  great  olrole  AO  at  right  angles  meet  AC  In  F  • 

Lit  *«gpO  distance  AF  ■  6 

**  «  AS » e 

a 

<•  »  OF  .  « 

"  •  HP  .  d 

Let  angle  AGP  •  fi 
angle  GAF  ■  6^ 

angle  GAS  ■  6 

Using  the  sine  focmla  in  spherloal  triangle  AOS  we  have 
.  •  sin  ACS  sin  CS 

Using  the  sIxm  and  ooslne  fomulaa  In  spherloal  triangle  OSP  we  obtain 


oos  OS  ■  oos  A  oos  A  e  sin  m  sin  I  oos  (l80  -  t) 

<j> 


and 


oos  SGF 


oos  A  ~  oos  m  oos  08 
sin  M  sin  OS 


■  oos  A  aln  a  ♦  y>s  m  sin  I  oos  ♦ 
sin  08 

using  (2)  (4) 

Now  sin  ACS  m  aln  (f-SCP) 

m  sin  f  oos  SGF  -  oos  f  sin  S&P 
Thus  using  equations  (3)  snd  (4)  ue  get 

aln  ACS  sin  CS  «  sin  I  [sin  fi  cos  m  oos  t  **  ooe  0  sin  tl 

e  ooe  A  aln  0  sin  m  (5) 


Using  the  ooslne  fozwula  in  spherical  triangle  APS  we  have 


-  3  - 


OOS  9^  a  oos  6  oos  I  4>  slii  6  sin  I  OOS  in 

/•  sii^  «  1  -  (oos  6  00$  I  ^  sin  9  sin  I  oos  iF8]P 

m.  sln*9  [l-2  oot  0  sin  I  oos  I  oos  iPS  ♦  slif I  (oolf9  -  oos*  IPS)]  (6) 

ft*om  s^astlons  (l),  (S)  ss^  (6)  ^  ^ 

sin  I  (sin  9  oos  m  oos  t  «  oos. 9  sin  t)4>  oos  I  sin  9  sin  • 

siifa-i^ - ;; - =; 

siif9  [l-2  oot  9  sin  I  oos  I  oos  iPS  ♦  sijft  (ooff9*oos*  iP8)3 

^  oos*l  siif  9  slif «  »  2  sin  1  oos  I  yin  9  sin  •  (sin  f  oos  •  -  oos9  sin  tJ 

sln*9  [l-2  oot  9  sin  I  oos  I  oos  APS  ♦  oln*t  (oo^9  -  oos*  in)] 


sin*9  [l-2  oot  9  sin  I  oos  I  oos  ifs  ♦  slnt  (ooirS 


oos 


If  I  is  sasll,  ns  msy  rs^sos  sin  I  Iqr  I  snd  oos  I  hj  (l«-t*)  on  ttas  rl^t- 
hsnd  sids  snd  obtain 


.  (1-t*)  Blife  siifg  »  2  l  1B  B  ain  •  (ato  »  90»m  oo>  ♦  -  oqb  iito  t) 
*  sln*e  [1-2  I  oot  e  ooB  aIs  -f-  I*  (oot*e  -  ooB*  iis)] 

^  I*  (BiB*g  OOB*»  OOB**  ♦  Bilf*  y>B*0  -  2  OOB  »  BtH  t  OOB  P  Bln  ♦  OM  t) 

Bia*e  [l-2  L  oot  6  oob  ^  (oolfo  -  oob*  Afe)] 

•  sln*9  slnfn 

•  “sSsS 


sin  9  sin  n  (sin  9  oos  »  oos  t  -  oos  9  sin  t) 
sin  9  L 

4  sln*9  sls^n  oot  9  oos  iPsJ 


rsi]^9  oos*n  ooa*t  ♦  sin*t  oos*9  -  2  oos  n  sin  9  oos  9  sin  t  oos  t 
Sln*e  L  .  • 


»  sln*9  sln*a  (oot*9  -  oos*  APS) 

4>  4  oot  9  oos  APS  sin  9  sin  n  (sin  9  oos  n  oos  t  *  oos  9  sin  t) 
♦  4  00t*e  oob”  Ara  Bia*0  Bin  *al 


(8) 


-  4  - 


TTsiag  the  sine  fonnuls  in  apherioel  trlsngie  1X2P  ee  hsTS 

sin  a  K  SJte-t  «  sin  m  sin  ^ 
sin  90® 

Substituting  this  in  equation  (8)  ee  get 

sin*  5  ^ 

*  sin*  e 

^  -  Sk  I. .  sin  d  (sin  8  oos  m  oos  t  -  oos  8  sin  t)  ^  ein*  d  oot  0  oos  APS  I 

sitt*a  L  J 

r 9  ^  sin*t  oos*  a  -  2  oos  »  sin  S  oos  8  sin  t 

sin*  eL 


oos  ♦ 


-  sin*  d  (1  ♦  oot*  e  -  oos*  APS) 

♦  4  sin  d  oot  8  oos  APS  (sin  8  oos  m  oos  t  -  oos  8  sin  t) 
+  J*.  sin*  d  oot*  9  00.*  APS  J 


(10) 


If  the  besrihg  frca,  A  is  not  s  wild  bearing  (idii^  must  be  exoludsd 
ftom  the  fix  )  8,  d  and  af  i^l  be  small.  Ex^inding  both  sides  of  equuLtion 
(lO)  In  powers  of  6,  d  and  a  we  obtain,  to  the  second  order  of  small 
quantities. 


>  m  ^  (sin  8  oos  'jf  —  oos  8  sin  i|f) 


sin  6  sin  6 


■  r sin*  8  oos*  t  ^  elA*  t  oos*  8  *-  2  sin  8  oos  8  sin  t  oos  VI 
sin*  eL  J 


Suppose  that  N  stations  oontribute  to  the  fix  under  consideration  and 
that  the  parameters  defined  Above  with  suffix  n  refer  to  the  nth  station 
and  that  this  station  has  variance  Y^.  The  weighted  sum  of  the  angular 
errors  at  S  is  given  by 


V  _ 

sin* 

n  n 


♦  l*  [oc* 


21  ^00*  ♦  ^ 


-  .ln*V 


\  «n 


”*  ^  1 

-^Ji  J 


Sn  Y^  sin 

n  n 


•la*  8 


•  SlB 


V_  .nr 
n  n 


f  tf  !!^Ja 

M  V_  •in* 


•  2  sin  t  oos  I 


“/▼_•!»*  9_  -* 


tel  'n 

(11) 


5  - 


Qaiag  the  alae  rula  in  apharloal  triangle  AOP  «a  hitra 

uhloh  becomes,  if  ira  Ignore  terms  of  order  higher  then  ^  end 


end  thus  the  eeighted  sum  of  the  square  of  the  angular  errors  at  the 
Best  Point  P  is  given  by 


^  a* 


On" 


V  ■  ain*  e 
n  n 


Sinoe  P  is  the  Best  Point  oorresponding  to  the  fix  the  eeighted  sum 
of  the  square  of  the  angular  errors  is  a  nrinlmim  there  and  thus  the 
ooeffioients  of  the  first  power  of  I  in  eqaaticn  (11 )  oust  vanish. 


We  have  therefore 


•rooa-tf.^£k- 

ra  v„  ain*  ra  ▼„  ain*( 


H 


2  sin  t  cos  t 


sin 


I  V^staTO^ 
n  n 


(12) 


Sinoe,  by  Sohears^s  ineqaality 
N 


jycoa«P,  1  ,, 

.  V_  ain*e„  '"TO  V.  ain*  6.  “* 


unless  tan  ^  Is  constant  for  all  the  stationsp  that  is,  unless  all  the 
bearings  are  parallel  when  they  oross  the  great  circle  TO,  the  curves  t  a 
constant  are  in  general  ellipses  for  small  values  of  I  •  If  tan  0^  * 

is  constant  for  all  the  stations,  the  curves  £  a  oonstant  are  parabolas* 
In  either  case  the  bearing  V  of  the  search  area  is  that  of  the  major  axis 
of  these  conics  and  is  given  by 


tan  2  f 


{- 


Pft  «»•  V* 


(13) 


-  6  - 

Xh«  four  «ad  points  of  tbo  axes  of  tho  sesrdi  rogioa  wo  Mints  st  oitloh 
t.  Tr,  *«•  »r  !•  ons  of  tbs  four  sBgXos  glvon  bgr  o^uitlen  v13)(  obA 

I  m  If  sbsro  Ir  As  glron  tgr  tbs  sqnstloe 


18CP 


if  th0  TBrianoas  are  naMorad  in  (dagraas)^  • 


la  thua  hmra 


_  -  2  aiB  ooa  f  ^ 

sU^  e,  r  r 

B 


sin  3a  oos 


oos*  e 


♦  ala^  T  V  A. .  1 ,  kjL  idiara  r  •  1 , 

fa 


2,3,4 


(i'J 


'■^fa  -I 


1  aln 

at  .  ^  am 

.  ^ 
I8cf 

(14) 

^  sin  2  3^ 

r  A  T_  sin*  3 

111  »  »  » 

T  si/  6 

B  B 

(■  oes  2  3n 

to  \ 

4s^ 

*  18? 


Ihua  I  m 

T 


j-d-yA^. 


\  ®n 


•*  aao  2 


t  baing  maaaured  in  rtidlanas  The  langth  of  tha  aaaroh  ragion  L  la  glvoB 
t  4  ahara  and  ^2  ^  aaluaa  of  glaan  bgr  aq^atlQB  (13)  for 

abld  ooa  2  f  aad 


»a 


hava  tha  aaaia  algn  and  thua 


7 


2W>  Va 


aiutloal  allM 


Slfldlarly  th«  width  of  the  saerob  region,  W,  le 


240  V2 


ktioil  ■11— 


3*  MaiyjglCW  CP  fCPiPLll  yw  matmrfud,  ABRmmoafp^  » 

OaMldT  ttie  th— tloal  <mm  In  iliioh  all  ihm  atmtlona  «ra  — d 

alo^g  an  aro  at  tlia  sana  angular  dlatan—  6  fros  tha  taxgat  and  ha—  Ilia 
aane  varianoa  Y,  Tha  piraotloal  oa—  tvqn&utlj  — pradnataa  to  this  iImb 
all  tha  atationa  are  naing  ainilar  a^p—nt  and  tha  targat  la  a  long  — gr 
aaay.  Aaauaa  furthar  that  all  tha  haariaga  pa—  througli  tiia  point  P«  Tha 
baaHng  of  tha  aaaroh  ragion  T  la  gi—n  hj  tha  a^mtloiit 


tan  2  T 


1 

•n-l 


and  tha  langth  and  breadth  of  tha  aaaroh  ragion  in  nautioal  nil—  are  gi—n 
bj  tha  f  oxnula 


2I|0  V2 


- a - ♦ 

n  n 


a— 


240  /2  W  Sin  e 


[»'  I  •all 

XIbI 


hippose  that  tha  atationa  d  #  iL  •  •  A-  are  arranged  aa  In  llg«  2 
ao  that  ^  ^ 


^-1  “k  ■  Y 


8 


uid  that  tiia  hearing  f ran  to  P  nakaa  an  aagla  i|  nlth  FK  .  9mb 

m  I80p  -  .  I80p  -  ^I80p  -  %  ♦ 


OP  8a  -  H  -  (a^l)  Y  n  ■  1,  2  ..  H 

*  - 

®n»  ^  ^  J 

■  aln  ^  -(*-1  ^  “'C  J  ■*“  *  Y  ooaao  y 


and  ^  ^'a  “  ^2  n  -  2  (n-1 )  Y  J 


m  OOS 


^2  H  -  (ll-l )  Y  J  olo  *  Y  ooaoo  Y 


Ifaua  If  aln  II  y  *  0  tho  haariag  of  tho  soaroh  ragloa  ia  glvon  hgr  tho 
ofiatloa 


tan  2  T  .  tan  [2  n  -  (K-l)  y] 

Mid  |soo2Y|«|Mo[2n  -  (H-1)  y]| 

Dm  length  nnd  hreedth  of  tho  soaroh  aroa  in  nautioal  alios  aro  tfaos 
glTsn  by  tho  f  onoala 


2tO  ^2  W  ala  t 


0* 


[■;  I 


aoo  [2  t|  -  (n-l)  yI  ooa  [2  i)  -  (a-l)  y1  >  y  ooaao  Y 


21iO  /2  YY  ala  6 


ala  R  Y  ooaao  y 


G 


1 


If  P  ^  than  y  ■  the  boarlnga  of  tho  axes  of  tho 

soaroh  region  are  giren  loy 

f  -  T|  -  #/2 

and  Y  .  1)  -  #/2  -t-  90** 


-  9  - 


th*  bMoriag  of  tbe  mjar  «!•  Mag  Ihat  valuo  of  f  for  ohieb  ooo  H  aad 
000  (Za-^)  ala  (li|0l-l)  oosoe  )  boro  iho  mm  sign.  Ths  laagth 

snA  brosAth  of  the  searoh  region  in  nautioal  allae  are  given  tbe 
fonsils 


240  W  sin  e 

[K  V  I  sin  (ll^A-l)/olii  (#/l»-l)  11* 


(15) 


If  Bin  Ny  s  0  then  y  ■  ^  Btetlone  ere  nymm^ 

trioBlly  placed  with  respect  to  P  and  the  elllptioal  oontoure  beooae 
oirolee*  The  length  and  breadth  of  the  searoh  region  mqt  '  e  obtained 
directly  ft^om  equation  (14)  sinoe 


20 


«  0 


and  Ibtts 


T  six/* 
n 


k^Aeaf 


The  length  and  breadth  of  the  searoh  region  are  eqfUMl^  as  is 
apparent  from  the  wynmnUy  of  the  configuration,  and 


L  a  W  s  240  /2  W  sin  6/VIl  nautioal  adles* 

4«  AftCTaamigi*  em  *wiie  inmn atty  rm  •tm  scBunLin  sop  «w« 

The  fonulM  derived  In  the  previous  sections  aasiaae  that  posers  of 
I  hi^MT  than  I*,  share  t  is  the  are  length  of  the  aads  under  oonsidaratlon 
naasured  In  radians,  nay  be  ne^eotedU  TfauS|  the  longer  the  axis  tbe 
greater  the  error  beoosMs*  Sinoe  posers  of  o,  d  and  7hlgher  than  the 
second  and  products  of  these  terns  are  also  ne^eoted,  the  oaloulated 
values  of  the  lengths  of  the  axes  of  the  searoh  region  are  nore  In  error 
If  the  fix  oontains  Inaoourmte  bearings.  Since  In  general,  a  fix 
oontainlng  inaoourate  bearings  will  also  have  a  large  sesr^  area  the 
length  of  the  axis  can  be  used  as  a  guide  in  all  oases. 


A  nushar  of  oaloulations  have  been  made  oosparing  the  results  obtained 
using  formula  (15)  for  stations  arranged  in  the  sjHsetrioal  esf  dssoribed 
in  section  3  with  the  results  obtained  usixig  the  asialysis  described  In 
Referenoee  1  and  2.  In  all  oases  the  vslnee  obtained  for  the  eidth  of 
the  eear^  region  agreed  exactly.  then  7  «  1  (degree)*  no  error  in  the 
length  of  the  searoh  region  exceeded  2fi  and  shen  the  ang^n  at 

the  target  by  the  sing  atations  ess  4^  or  awre  no  length  differed  from 
that  oonputed  by  ths  method  desorlbsd  in  Referei»oe  1  and  2  by  more  than 
1  nautioal  mile.  Ihen  V  «  5  (depcmes)^,  the  angle  eubten&ed  at  the  target 
by  ^e  wing  station!  ■  20*,  the  diatanoe  of  the  statione  from  the  target 
«  15^  and  three  stations  oontribute  to  the  fix  there  is  a  disorepanoy  of 
^0^  •  The  method  used  for  oosqpariaon  is  not  soourats  for  fixsa  of  this 
nabars  which  increases  the  diffloulty  in  assessing  the  situation.  All 
the  oonputed  reaialta  are  given  in  the  i^endlx. 


If  terms  of  higher  power  than  r  are  ignored  the  resulting  eoaation 
gives  values  of  4  which  are  equal  In  modulus  but  differ  in  sign  for  the 
two  ends  of  the  searoh  region.  It  la  known  that  in  fact  the  estimated 
p^itlon  of  the  target  la  nearer  to  the  atations  than  the  mid«poiitt  of 
^  major  axis  of  the  searoh  area.  If  the  position  of  the  end  points  of 
tte  «x««  tee  Maroh  rvgion  are  requlraA,  adAltioiua.  vcmwu  at  I  mutt 
be  included  in  the  expreeeion  for  £  Let  ue  eeeume  that 


10 


♦  ea*  ♦  pi*  ♦  tl* 


and  that 


21^^80 


If 


-  I  -e  g  V  0^  2h  l1* 


la  tha  first  approzlaiatloa  to  tha  iralaa  of  I  for  oaa  vid  point  of  tha 
aaardh  ragioa^  obtainad  by  patting  ^  and  y  aqpaX  to  aaro.  gappoaa  also 
Itot  tha  trua  Talna  of  ^  vai^tad  ai»  of  tha  a^iaraa  of  Hia  angular 
arrora.  chtaiaad  W  using  agnation  (?)«  iddoh  la  asaot,  to  oanpata  h  for 
aaoh  station  at  tM  point  on  iha  axis  of  tha  aaaroh  ragion  for  nhlOh  I  «  Ii 
la  ahllst  tha  aaina  of  this  fhaotlon  at  tha  point  on  Him  axis  of  tha 
aaar&  ragion  for  ahloh  I  «  -Ji  la  lia  •  ^  thoa  hava 


Zp  ♦  alf  ♦  tL\  ilf 


txvm  •qoattoB  (14) 
(10 

(17) 


oL*  •  J|i^/I8(f 
Z 

•aa  Z^  «  2^  ♦  oL*  -  PL*  4-  tl>* 
liMIng  (l6)  anA  (17)  m  obtain 
yL*  .  i  (t^*  *b)  -  *p  " 
and  ai^traotlng  (17)  f^w  (l6)  iia  gat 

and  tbaa 


'p* 


▲  battar  approxination  to  tha  poaltlra  Talna  of  I  for  wfalOh  ■  2^  a 


itL 

I8(f 


la  glTan  bj 
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r  5Z  *l  -61 

1.  -I.  — i — S - 8 - S - i 

’  L  7  8  Ip-  16  iT/iBlfJ 

by  usli^  Hbvton's  fonula.  Siailarly  a  batter  a^iroxlaation  to  the  mtetlee 
rkbi»  of  I  for  i^ieh 

tm  I*  4  «^/l8<f 

■  P 

is  given  by 

r  5  s.*  2,-  6  I  -  8  «^/l8(f  -1 

I,  -  -  I.  - 2 - * - 8 - ; - V 

■  L  7  2^-  8  2p-  16  n^/iB/rJ 

Bie  aoouraby  of  the  new  reXnee  of  I  end  should  be  tested  bj  sutetitutl&g 
then  in  eq^oation  (l6)  and  cheoirtng  xbBt  is  eqasX  to  2  o  V  ^  « 

®  I8(f 

Ihe  Tslxses  of  I  and  aay  be  lagroved  by  further  agplioation  of  Xsvtoa*s 
foxnula  xming  we  eolation 

,  U**  61**  4 

\  «  i ^ 

^2  3  »l>  **  4  Yl^*) 


As  a  final  oheok  the  value  of  2g  at  the  end  points  should  be  oos^ted 
using  equation  (?)  •  If  these  are  not  satisfaotoiy  nore  term  met  be 
taken  in  the  series  for  2s  and  a  prooedure  slailar  to  that  outlined  above 
adopted. 


5. 


m  <»  TH2 


It  will  be  seen  ftm  the  ippendix  that  formula  (15)  Is  suffioiently 
aoourate  to  enable  it  to  be  used  to  study  the  way  in  whioh  the  various 
parsBStersofaflx  nmaly,  Ihe  nadber  of  stations^  the  varlaaoe  of  the 
stationa^  the  diatanoe  fron  the  target  and  the  a^e  whioh  the  wing 
stations  subtend  at  the  target  affeot  the  sise  of  ihm  mwtch  area.  A  few 
salient  points  are  given  belowi* 

3.1.  The  length  and  breadth  of  the  aearcdi  area  are  both  proportioaal 
to  the  sins  of  the  angular  distanoe  of  the  stations  fkm  the 
target.  Par  small  distanoes  the  dji—nsions  of  the  searoh 
area  are  proportional  to  the  diatanoe  from  the  target. 

5«2.  The  length  and  breadth  of  the  searoh  area  are  both  proportlOQsl 
to  the  square  root  of  the  varianoe  of  the  stations.  If  the 
varianoe  is  not  known  preoisely,  as  is  usually  the  oase  since 
it  often  depends  on  physloal  factors  suoh  as  propagation  oondi* 
tlons  whioh  oannot  be  controlled^  then  the  peroentage  error  in 
tile  dimensions  of  the  searoh  area  due  to  this  j  neyao^ness  is 
iqpproxijiiately  half  the  peroentage  error  in  the  varianoe.  Ih 
practice  it  is  not  usually  possible  to  obtain  the  ^yyis 

of  the  searoh  area  oormt  to  more  than  two  significant  figures; 
this  corresponds  to  a  2^  error  in  estimtlng  the  variaikoe. 
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the  length  of  the  seeroh  area  le  proportloiial  to 

1  I  ]* 


ehere  H  le  Ihe  nxAw  of  atatlone  and  f  ia  the  angle  avibtended 
at  the  target  by  the  elng  atatlona*  If  #  <  90^ 


T  (2,#)  .  1^2  -  •in  2^sin  m  ^  ooaeo  #/2 

—J" 

F  (3,#)  - 1^3  -  tin  3^2^^ sin  #/2j  oomo  i/z 


thua.  if  all  the  other  parMMtera  of  the  ayatem  remain  the  aama, 
the  length  of  the  aearoh  area  ia  not  reduoed  by  inoreaaing  the 
nuaher  of  atationa  from  2  to  3«  It  ia  obrloua  frcm  ptayaioal 
oonaiderationa  that  thia  mat  be  the  oaae  ainoe,  if  the  eyntem 
la  aynnetrioal  about  the  middle  bearing,  the  axle  of  the  aearoh 
area  mat  lie  along  it  and  the  middle  bearlT^  therefore  makiaa 
no  oontribution  to  the  nei^ted  aum  of  the  angular  errora  at 
any  point  along  the  major  axia  of  the  aearoh  area*  Vor  ealuea 
of  H  greater  than  3  the  function  F  (^#)  daoreaaea  aa  V  iaoreaaea 
provided  ^t  #  ramalna  oonatant*  Ihia  ia  ahoen  ia  the  tihle 
of  the  dlnenaiona  of  aearoh  areaa  for  Yarioua  fixea  giran  in 
the  j^ppemdix* 

3*4»  Ihe  width  of  the  aearoh  area  la  proportional  to 

»(»,«•[»♦  I  asiiyi:!  i]* 

Ihia  function  daoreaaea  aa  M  inoreaaea  for  raluea  of  #  <  120^  • 

If  1800  >  #  >  1200,  a  (2,^)  .  a  (3,^) 

5«5«  For  amall  waluea  of  ^ 

p  -i  (1VA-1)‘ 

F  (N,^)  «  N - S - 


to  0 


(^) 


Vi 

r 


H-1 


Thua  F  (N,4)  inoreaaea  aa  V#  u*  i  tenia  to  aesro*  For  thia 
reaaon  b  amall  value  of  #  (which  ia  e<^valent  to  a  narrow 
baae  line)  ahould  be  avoided  if  poaaible  ainoe  it  ia  not  eagy 
to  mitigate  ita  effeota  by  varying  the  other  parmaatera  of  the 
ayatem*  It  ia  neceaaaxy  to  inoreaae  N  from  2  to  22,  or  to 
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rw0ocm  tb»  Turlanot  to  ono  qurtor  of  its  oaeiflaiX  rwJssm  or  to 
holTO  tho  dlotoBoo  to  ih$  targot  to  adhioTO  tho  omo  offoot  ao 
that  dbtaiaod  hgr  douiblijig  ^^that  ia,  doi:(bliog  tha  baoo  llao» 
if  #  la  mil**  It  will  ho  aeon  from  the  i^^poii&Lac  that  tho 
fonula  for  tho  langth  of  Ihe  aoaroh  aroa  ia  not  roiy  aoourato 
whoa  f  ia  aanll  and  that  t^  aituation  ia  owan  worao  than  that 
prodiotod  froB  fonaila  (15)*  It  ia  thoroforo  of  groat  inport- 
anoo  to  astond  tho  haao  liM  aa  far  aa  poaaiblo  if  ^  ia  lUealj 
to  ho  aaall  if  tho  boat  poaaiblo  roaulta  aro  to  ho  ohtainod* 

5*6«  Tho  aoaroh  aroa  of  loaat  aroa  and  alao  tho  ona  with  tho  analloat 
angor  axia  for  a  giwon  nuahor  of  atationa  ooom  ohon 
#  *  (K*1)  180^«  Thia  arrangoannt  glwoa  tho  hoot  roaulta  for 
a  giTon  amount  of  odpipaMOt  hut  tho  langth  of  tho  rooultiag  haao 
lino  ia  uauaUr  groator  than  oan  ho  toloratod  in  praotioo* 
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#  ■  mgla  mibtandad  at  tha  tarftt  >7  tha  wiag  atatloaa 

1  «  iwribar  of  atatloaa 

T  ■  Tarlanoa  of  tba  haarlma 

■  laagth  of  aaardh  araa  aa  oaXoiilatad  Iqr  fonula  (15) 

IL  m  loagth  of  aaaroh  araa  aa  oaloulatal  by  tha  aatliod 

laaoribaA  In  Bafbraaoaa  1  and  2 

■  width  of  aaardh  araa  aa  oaloulatad  by  fotwla  (15) 

1  m  width  of  aaaroh  araa  aa  oaloulatad  by  tha  nathod 

doaoribad  in  Baf  aranoaa  1  and  2 
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